(monogyny) that has been inseminated by only one male (monoandry) .
During the last two decades numerous studies on queen number and colony structure of ants have shown, however, that in about 50 percent of all species colonies may contain several fully fertile queens (Buschinger, 1974a) . Some species (e.g., Leptothorax acervorum or Myrmica ruginodis) are facultatively polygynous; in other species (e.g., Plagiolepis pygmaea or Formica exsecta) virtually all colonies are polygynous. Colonies of some highly polygynous species, such as Formica polyctena, may contain thousands of queens. Polygyny may arise by the cooperative foundation of new colonies by several inseminated young females (pleometrosis), by the fusion of colonies, or by the adoption of young, inseminated females into a colony.
In some taxonomic groups, polygyny appears to be associated with ecological factors, such as patchy distribution of habitats or high instability of nesting sites (H611dobler and Wilson, 1977) , and recently queen number has been interpreted as an ecologically responsive trait, explainable by a combination of kin selection and ecological elements (Nonacs, 1988) . An obvious advantage of polygyny on the colony level is that the presence of multiple fertile 1Museum of Comparative Zoology, Harvard University, Cambridge, MA 02138, USA.
-Institut fir Zoologic, TH Darmstadt, Schnittspahnstr. 3 D6100 Darmstadt, West Germany.
Manuscript received by the editor November 21, 1988. Psyche [Vol. 95 queens ensures the colony's continuation in the event of one or more queen deaths. In many monogynous species the death of the queen results in the dissolution of the colony (e.g., Oecophylla spec., Vanderplank, 1960) . Polygyny, however, is not the only mechanism for queen replacement observed in ants. In some species, several dealate females may be present in a colony but only one lays eggs. Occasionally some of the extra females are sterile, uninseminated females that somehow missed the mating flight. Others are inseminated females, which do not lay eggs in the presence of the fully fertile queen. Tschinkel and Howard (1978) Leptothoracini: in Leptothorax gredleri (Buschinger, 1968a) , Leptothorax sphagnicolus (Francoeur, 1986) , and in some, if not all species of the xenobiotic genus Formicoxenus (Buschinger, 1979a; Buschinger and Winter, 1976; Buschinger et al., 1980; Francoeur et al., 1985) . With the exception of L. gredlerL which is fairly common in some populations in Bavaria (Buschinger, 1966) , functionally monogynous leptothoracines are quite rare. Thus, more detailed studies on colony and population structure are difficult. During the past few years, however, we have collected numerous colonies of a new, functionally monogynous species of Leptothorax closely related to the palaearctic species L. muscorum. The taxon is to be described by A. Francoeur (Univ. of Quebec, Chicoutimi); here we again refer to it as Leptothorax spec. A (Heinze and Buschinger, 1987 (1978) C-females, not inseminated, but fertile females, which produce males, were found in two or three colonies in the field.
Other Leptothorax
As the data in aln two of these colonies fighting between workers was observed. Buschinger, 1968a 2Buschinger, 1967 3Buschinger, 1979b In experiments carried out at the TH Darmstadt, L. spec. A females were given the chance to mate in arenas containing their maternal colony and in addition, empty nesting sites. Both winged gynomorphic and wingless intermorphic females perform a stationary sexual calling behavior similar to that of other leptothoracine ants, the so called "Locksterzeln" (Buschinger, 1968b A cannot be ruled out but it seems to be very rare.
There are two important differences between functional monogyny in polistine wasps and in Leptothoracini. In Polistes gallicus, Pardi (1940; 1946) had observed that when two females cooperate in colony foundation, the more aggressive one becomes queen, and the subordinate one becomes worker. In colonies with several females, however, ovary size and fertility correspond to the female's rank in a dominance hierarchy. Several females may lay eggs, though in differing degrees, and functional monogyny is sometimes guaranteed only by differential egg consumption by the dominant a-female (Gervet, 1964) . In most cases the coexistence of several inseminated females in one nest is transient, and it resembles the regulation of queen number in obligatorily monogynous ants after colony foundation by pleometrosis (Buschinger, 1974a) . In leptothoracine ants, on the other hand, functional monogyny is total and may be a lasting phenomenon. Only the queen has fully developed ovaries; those of the supernumerary females are always undeveloped. The presence of b->A-females with elongated ovarioles in colonies of Leptothorax spec. A is restricted to a short period of time and leads to colony fission or, as was observed in the lab, to aggressive behavior toward the young female and finally to her death. Whether dominance hierarchies exist in colonies with several supernumerary females, as in Polistes, is not yet known.
Our observations suggest that, comparable to primary and secondary polygyny, functional monogyny in Leptothoracini may arise in two ways. Intermorphic females, and perhaps gynomorphic females also, are easily accepted in their mothers' colonies after mating, and they may stay there for several breeding cycles. The other possibility, a pleometrosis-like colony foundation with several inseminated young females, one of which becomes fertile, has been observed in the field only two or three times. The find of a gynomorphic supernumerary female in a colony with an intermorphic queen which produced only intermorphic female sexuals does not necessarily indicate that foreign females are adopted; the gynomorph might have accompanied a sister during pleometrosis or budding.
According to our results, all species belonging to Leptothorax s. str., including L. acervorum, L. muscorum, and L. gredleri from Eurasia, may have colonies with several inseminated females, as is the fact too in some of the parasitic species, e.g.L, kutteri (Buschinger, 1968a) , and in the genus Formicoxenus, which seems closely related to Leptothorax s. str. In the subgenus Myrafant and its satellite genera Epimyrma, Myrmoxenus, Chalepoxenus, and Protomognathus, however, most species are obligatorily monogynous. In Myrafant and its parasites, facultative polygyny occurs only occasionally as in the North American species L. longispinosus, L. ambiguus, and L. curvispinosus (Alloway et al., 1982) , or in Epimyrma algeriana (Buschinger et al., in prep.) . In studies on polygyny in different populations of L. longispinosus, a latitudinal cline in the frequency of multiple-queened nests has been suggested; Psyche [Vol. 95 southern populations seem more likely to be monogynous than northern populations (Herbers, 1986a) . Several other factors influence the pattern of polygyny, such as the scarcity of available nest sites (Herbers, 1986b) . Neighboring populations, therefore, may differ in the frequency of polygynous colonies, as was shown, e.g., in L. curvispinosus. In one population 75 percent of the colonies contained several females, but in a population 7 km away only 38.8 percent were polygynous (Stuart, 1987) .
The facultatively polygynous and functionally monogynous species of the subgenus Leptothorax s. str. usually live in boreal or alpine coniferous habitats. Of all North American ants, L. "'muscorum", comprising several species like Leptothorax spec. A, B, and C, is the species best able to survive in extreme arctic and alpine conditions (Brown, 1955) . With colonies found in north Alaska (Nielsen, 1987) and near the tree line in Nouveau Qu6bec (Francoeur, 1983 ), both L. "'muscorum and L. acervorum are among the few species of Formicidae that are found so far north.
Species of the subgenus Myrafant, on the other hand, are abundant in areas with mild conditions in winter, such as the Mediterranean. Of the numerous species of this subgenus, only five reach Scandinavia, including Denmark (Collingwood, 1979) , and among those are the facultatively polygynous L. tuberum and L. interruptus (Buschinger, 1968a; 1974a) and L. nylanderL of which polygynous colonies have occasionally been found in the field (Chauvin, 1947; Plateaux, 1970) . Populations of Myrafant in alpine areas, such as L. tuberum in the Alps, tend to be facultatively polygynous as well (Buschinger, 1968a) , and facultatively polygynous L. longispinosus and L. ambiguus are the only Myrafant to be found in Quebec or Ontario (Creighton, 1950) . Some populations of L. rugatulus found at higher elevations in the Rocky Mountains apparently are facultatively polygynous, too (S. Cover, pers. comm.).
As Bolton (1986) (Douwes et al., 1987) (Buschinger and Winter, 1978) , or by budding.
In polygynous species, colony fission might increase the kinship in the daughter colonies compared to that in the mother colony by giving the workers the chance to arrange in different matrilines (Crozier, 1981) , and indeed the segregation of workers into sororities has been observed in the honey bee (Getz et al., 1982) . In functionally monogynous species, however, the overall level relatedness might decrease by budding, similar to the relations in colony fission Psyche [Vol. 95 in army ants. The evolution of the colony fission mode of reproduction, a phenomenon common in army ants (e.g., Franks and H611-dobler, 1987) , was analyzed by Macevicz (1979) 
